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This note describes a search for R-parity violating (RPV) sneutrinos in the eµ final state in 3.1
fb−1 of DØ Run IIb data, collected at the Fermilab Tevatron pp̄ collider from June 2006 to December
2008. Good agreement between the data and the Standard Model background prediction is observed.
Since there is no evidence for new physics, we combine this result with the Run IIa 1 fb−1 results to
set 95% C.L. limits on the production cross section times branching ratio (σ × BR(ν̃τ → eµ)) and

RPV couplings λ
′

311 × λ312 for different sneutrino masses.
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I. INTRODUCTION

In supersymmetry (SUSY), the R parity which differentiates standard model particles from their supersymmetric
partners could be violated in the most general representation of the superpotential which includes R parity violationg
(RPV). [1].
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Through the first two terms LLE and LQD in the superpotential, a single scalar neutrino ν̃ can be produced, and
subsequently decay into the lepton flavor violating (LFV) eµ channel. The Feynman diagram is shown in Fig. 1.

 

FIG. 1: The Feynman diagram of tau sneutrino eµ resonance production in hadron collisions

The search is performed under the single dominance hypothesis [2] that the third-generation sneutrino ν̃τ is the

lightest supersymmetric particle (LSP) and dominantly produced by assuming that all RPV couplings but λ
′

311 and
λ312 = λ321 are zero. Consequently, the cross section of the signal only depends on the third generation sneutrino
mass M and the LQD and LLE coupling constants, as [3]

σ̂eµ ∝ (λ
′

311)
2 × (λ312)

2 ·
1

|ŝ − M2 + iΓM |2
, (2)

where the total width of the LSP sneutrino Γ, determined by decay modes dd̄ and eµ solely, can be written as

Γ = [3 · (λ
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312] ·
M

16π
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The indirect two standard deviation bounds on the coupling constants and the mass of tau sneutrino are given by
Ref.[4]

λ
′

311 ≤ 0.12, λ312 ≤ 0.07, for M ≡ Mν̃τ
≥ 100 GeV (4)

This set of parameters will be used as default for demonstration purpose unless explicitly stated otherwise.
In this note, a direct search on sneutrino particle via e + µ final states based on 3.1 fb−1 Run IIb data is presented.

We combine it with our Run IIa publication results [5] to set more stringent limits on RPV couplings.

II. DØ DETECTOR AND DATA SAMPLE

The DØ detector is described in detail elsewhere [6]. The central-tracking system consists of a silicon microstrip
tracker (SMT) and a central fiber tracker (CFT) which has eight thin coaxial barrels, each supporting two doublet
layers. Both of the SMT and CFT are located within a 2 Tesla superconducting solenoidal magnet, with designs
optimized for tracking and vertexing at pseudorapidities |η| < 3 and |η| < 2.5, respectively. Outside the solenoid, a
3-layer scintillating strip detector (CPS) provides a precise measurement of electromagnetic (EM) shower positions.
The surrounding liquid argon and uranium calorimeter consists of a central section (CC) which covers pseudorapidities
|η| up to 1.1, and two end calorimeters (EC) that extend coverage to |η| ∼ 4.2, with all three housed in separate
cryostats. Each section consists of an inner electromagnetic (EM) compartment, followed by a hadronic compartment.
The muon system covers a pseudorapidity of |η| < 2 and consists of a layer of tracking detectors and scintillation
trigger counters in front of 1.8 Tesla toroids, followed by two similar layers after the toroids. Luminosity is measured
using plastic scintillator arrays located in front of the EC cryostats, covering 2.7 < |η| < 4.4. The data acquisition
system consists of a three-level trigger, designed to accommodate the high instantaneous luminosity.

The data sample used in this analysis was collected between June 2006 and December 2008 using single or dilepton
events. For final states containing one electron with transverse energy ET above 30 GeV and one muon with transverse
momentum pT above 25 GeV, the trigger efficiency is close to 100%.
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III. EVENT SELECTION

The electron selection requires (i) an EM cluster with a cone of radius ∆R =
√

(∆φ)2 + (∆η)2 = 0.2 in the central
calorimeter (|ηdet| < 1.1), with transverse energy ET > 30 GeV, where ET is defined as the cluster energy times
sinθ, and θ is the polar angle with respect to the proton beam direction; (ii) at least 90% of the cluster energy be
deposited in the EM section of the calorimeter; (iii) the calorimeter isolation variable (I) be less than 0.15, where

I = Etot(0.4)−EEM (0.2)
EEM (0.2) , Etot(0.4) is the total energy in a cone of radius 0.4, and EEM (0.2) the EM energy in a

cone of radius 0.2 around the electron candidate direction; (iv) an artificial neural network variable (ANN) based on
information sensitive to differences between EM objects and jets in the tracker activity and in the energy distributions
in the calorimeter and CPS be consistent with that of electrons; and (v) a track pointing to the EM cluster. The
reconstruction efficiency of electrons, as determined from a Z → e+e− data sample, is about 75%.

The muon candidate is required to be separated from the electron candidate by ∆R > 0.2 and from any jets by
∆R > 0.5, where jets are reconstructed using an iterative seed-based cone algorithm [7]. In addition, we require (i)
that the track pT be above 25 GeV; (ii) hits in the muon scintillation counters with time be consistent with originating
from the proton-antiproton collision; (iii) at least 8 CFT hits along the track; (iv) the ET sum of the calorimeter
cells in the annular cone of 0.1 < ∆R < 0.4 be less than 2.5 GeV, and the transverse momentum sum of all tracks
besides the muon track within a cone of radius ∆R = 0.5 be less than 2.5 GeV. The reconstruction efficiency of muons
determined from a Z → µ+µ− data sample is about 77%.

The tracks of the two leptons are required to originate from the same vertex. To suppress the WW and tt̄
backgrounds, events with missing transverse energy /ET > 20 GeV that is not aligned or antialigned in azimuth with
the muon (0.7 < ∆φ(/ET , µ) < 2.5 rad), as well as events with at least one jet with pT > 25 GeV and |η| < 2.5 are
rejected.

IV. BACKGROUND AND SIGNAL SIMULATION

The main background contributions are from Z → ττ , WW/WZ, W+jet inclusive and tt̄ processes that decay to
eµ final states. The SM Monte Carlo (MC) samples used in this analysis are generated using pythia [8] except for
the W+jet samples (which are generated with alpgen [9], and showered using pythia) with CTEQ6L [10] parton
distribution functions (PDFs) , and processed through a geant-3 based [11] simulation of the DØ detector and the
same reconstruction software as the data. All the background contributions are normalized using the NLO or NNLO
theoretical cross sections and are re-weighted to correct for different distributions of instantaneous luminosity and
primary vertex position in z in data and MC samples. In addition, the Z → ττ and W+jet samples are re-weighted
to match the Z and W pT spectrum in data.

The comphep [12] generator is used to generate the hard scattering processes of the signal, which are interfaced
to pythia for showering and then passed through a detailed detector simulation and the same reconstruction code as
used for data.

V. RESULTS

The event selection criteria are applied to data and MC samples. Table I shows the relative systematic uncertainties
of this analysis. The number of selected events in data and the estimated background contributions are summarized
in Table II. The final kinematic distributions are shown in Fig. 2.
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Sources Uncertainties(%)
luminosity 6.1 [13]
trigger 0.1
electron identification efficiency 2.3
muon identification efficiency 2.3
Z/γ∗ → ll cross section 3.5 [14]
WW incl. cross section 6.6 [15]
WZ incl. cross section 2.7 [15]
tt̄ incl. cross section 14.8 [16]
W+jet/γ cross section 8.5 [17]
PDF for signal acceptance 0.4-0.6

TABLE I: Systematic uncertainties, expressed as fractions of the expected event yield.

Process No. of events
Z/γ∗ 83.4 ± 6.8
diboson 46.0 ± 4.0
tt̄ incl. 2.6 ± 0.5
W+jet/γ 12.7 ± 2.5
total backgroud 144.9 ± 8.3
data 143

TABLE II: The number of selected events in the data and different estimated background contributions. Uncertainties on
backgrounds cover both systematic and statistical.
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FIG. 2: Distributions of the electron muon invariant mass and azimuth difference (top row) and of the electron transverse
energy and muon transverse momentum (bottom row) for data (points with error bars), background simulation (histograms)
and expected signal for Mν̃τ = 100 GeV and σ × BR = 21 fb.
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Since there is no evidence for new physics, we proceed to set upper limits on the sneutrino production cross section
times branching ratio for sneutrino decaying into one electron and one muon and RPV couplings λ

′

311 × λ312 for
different sneutrino masses. The distribution of electron and muon invariant mass (shown in Fig. 2) is used for this
purpose. Limits are calculated at the 95% confidence level using the modified frequentist CLs approach with a Poisson
log-likelihood ratio test statistic [18]. The impact of systematic uncertainties is incorporated via convolution of the
Poisson probability distributions corresponding to the different sources of systematic uncertainty. The correlation in
systematic uncertainties are maintained between signal and backgrounds. We combine the Run IIa 1.0 fb−1 results
with the current Run IIb results. The corresponding graphs are displayed in Fig. 3.
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FIG. 3: 95% C.L. limits on σ× BR (left) and RPV couplings (right) as a function of the sneutrino mass with using 4.1 fb−1 of
DØ Run II data.

VI. SUMMARY

This note describes a search for the production of high pT electron muon pairs in proton antiproton collisions using
3.1 fb−1 of DØ Run IIb data, collected at the Fermilab Tevatron collider from June 2006 to December 2008. Good
agreement between the data and the Standard Model background prediction is observed, as 143 events are selected
in the data while the SM expectation is 144.9 ± 8.3 events. Since there is no evidence for new physics, we combine
it with the Run IIa 1 fb−1 results to set 95% C.L. limits on the production cross section times branching ratio and
RPV couplings λ

′

311 × λ312 for different sneutrino masses.
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